Blomia tropicalis (Bt) and Dermatophagoides pteronyssinus (Dp) are the prevalent house dust mites in tropical countries and are associated with allergic diseases. Glycosylated antigens are highly immunogenic and involved in different pathologies. We evaluated the presence of IgE, IgG1, and IgG4 to concanavalin A-binding antigens (Bt-Con-A) isolated from Bt-total extract in sera of allergic and non-allergic subjects. Bt-total and Bt-Con-A extracts were evaluated by SDS-PAGE and ELISA for reacting with IgE, IgG1, and IgG4 in sera of 121 patients with allergic rhinitis and 36 non-allergic individuals. All subjects were skin prick tested with Bt-total extract and inhibition tests were performed for IgE, IgG1, and IgG4 using both extracts (Bttotal and Bt-Con-A). Skin prick test showed that 58% of the patients were sensitized to Bt (Bt+), with 52% reactive to both mites (Bt and Dp) and 6% to Bt only. A broad spectrum of proteins (14-152 kDa) was visualized in Bt-total and components >27 kDa for the Bt-Con-A extract. ELISA showed a similar profile of IgE, IgG1 and IgG4 levels in response to Bt-total and Bt-Con-A extracts in different groups, although Bt+ patients showed a lower IgG4 reactivity to Bt-Con-A extract. Specific IgG1 levels were higher in Bt+ patients than in control subjects, and IgG4 levels showed no significant difference among groups. ELISA inhibition showed a partial IgE and total IgG1 and IgG4 cross-reactivity with Dp extract for Bt-total and Bt-Con-A extracts. We conclude that Con-A-binding components isolated from Bt constitute major allergens and are involved in both allergen sensitization (IgE response) and homeostasis maintenance (IgG1 and IgG4 responses).
Introduction
Blomia tropicalis (Bt) and Dermatophagoides pteronyssinus (Dp) are the most prevalent domestic mites in house dust in tropical and subtropical climates (1, 2) . The role of house dust mites (HDMs) as a source of allergens and their contribution to allergic diseases, particularly asthma and rhinitis, have been recognized for many years (3).
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Sensitization to indoor allergens is the most important independent risk factor associated with asthma. Positive skin tests and/or serum IgE antibodies to HDM have been widely demonstrated in genetically predisposed individuals (4) .
The role of IgG antibodies to HDM allergens in the pathogenesis of allergic diseases is not clear. Several investigators have attributed a protective activity to IgG subclasses, mainly IgG4, which is produced as a result of a prolonged natural antigenic exposure and could neutralize the antigen or block the antibody, thus supporting the immunotherapy (5,6). Smith et al. (7) have investigated the IgG and IgG1-4 antibody responses to Der p 2 in children from high and low exposure groups by ELISA, demonstrating that ≥90% of the children had Der p 2-specific IgG antibodies, although the levels of both total specific IgG and IgG1-4 antibodies were substantially higher in the high exposure group. Recently, we (8) demonstrated IgE, IgG1 and IgG4 antibody responses to B. tropicalis in patients with respiratory allergy, emphasizing that our patients seem to be more frequently sensitized to B. tropicalis high-molecular weight (54-104 kDa) components than to the low-molecular weight (11-15 kDa) allergens, which have been detected predominantly in other studies (9, 10) .
Glycosylated antigens have been shown to play a crucial role in different pathologies and to be highly immunogenic (11) (12) (13) . Mannanrich glycosylated components derived from Candida albicans have been recognized by IgE antibodies in patients with allergic manifestations including asthma, rhinitis, and atopic dermatitis (14) . In allergic diseases, previous studies have demonstrated that tridacnin-but not concanavalin A (Con-A)-binding highmolecular weight allergens isolated from D. farinae reacted strongly with sera from mitesensitized subjects (15) .
The purpose of the present study was to isolate glycosylated components from a total extract of B. tropicalis using a Con-A affinity column. We evaluated the responses of IgE, IgG1, and IgG4 antibodies to these Con-A reactive components from B. tropicalis in mite-sensitized patients. We also evaluated the cross-reactivity of these antibodies to total extracts of Dp.
Material and Methods

Subjects and skin prick test
A total of 121 adult patients with allergic rhinitis (AR) with/without intermittent or persistent mild-to-moderate asthma were selected on the basis of the history of respiratory symptoms related to house dust exposure, physical examination, and spirometry when indicated (16, 17) at the Allergy and Clinical Immunology Unit, Federal University of Uberlândia, Uberlândia, MG, Brazil. Patients underwent skin prick testing (SPT) with Bt and Dp extracts. A mean wheal diameter more than 3 mm larger than the negative control (diluent) was considered to be positive. Thirty-six healthy adult subjects were included as a control group. In parallel, blood samples were collected from all subjects for serological testing. The study was approved by the Ethics Committee in Human Research of the Federal University of Uberlândia and written informed consent was obtained from all individuals.
Mite extracts
Total extracts of Bt and Dp were obtained from mite bodies provided by Dr. Federico Montealegre, Ponce School of Medicine, Porto Rico, USA, as described elsewhere (8) . Briefly, 5 g dried mite powder was triturated in liquid nitrogen to disrupt the mites and allergens were extracted overnight at 4ºC in 50 mL 5 mM borate-buffered saline, pH 8.0, containing protease inhibitors (50 µg/mL leupeptin, 1.6 mM phenylmethylsulfonyl fluoride, 1 mM benzamidine, and 10 µg/mL aprotinin). After centrifugation (30,000 g for 45 min at 4ºC), the supernatant was dialyzed (Amicon, Ym-10, W.R. Grace & Co., Beverly, MA, USA) against phosphate-buffered saline (PBS) and the protein concentration was determined by the method of Lowry et al. (18) . The Bt and Dp total extracts contained 9 and 4.5 mg protein/mL, respectively.
Isolation of Con-A-reactive components from total extracts of B. tropicalis Glycosylated protein from total extracts of Bt (18 mg total protein) were isolated by affinity chromatography using 5 mL Con-A Sepharose (Amersham Pharmacia Biotech AB, Uppsala, Sweden) previously equilibrated with PBS. Con-A reactive components were eluted with 50 mM α-D-methylmannopyranoside (Ferro Pfanstiehl Laboratories Inc., Waukegan, IL, USA) and column effluents were monitored at 280 nm. Con-A-unbound (Bt-void; eluted in void volume) and Con-A-bound (Bt-Con-A) fractions were concentrated and dialyzed against PBS (Amicon, Ym-10, W.R. Grace & Co.). The protein content was determined by the method of Lowry et al. (18) and corresponded to 490 µg/mL for Bt-Con-A and 3,800 µg/ mL for Bt-void.
SDS-PAGE of B. tropicalis extracts
B. tropicalis whole extract (Bt-total) and extracts obtained after fractionating by affinity chromatography (Bt-void and Bt-Con-A) were electrophoresed on 12% sodium dodecylsulfate polyacrylamide gel (SDS-PAGE) using 20 µg extract per lane and a mini-gel system (Mighty Small Multiple Caster, Hoefer Pharmacia Biotech Inc., San Francisco, CA, USA), under non-reducing conditions, according to the method of Laemmli (19) . The gel was subsequently stained with Coomassie brilliant blue (Sigma, St. Louis, MO, USA).
Measurement of IgE, IgG1 and IgG4 by ELISA
IgE-, IgG1-, and IgG4-ELISA were performed as described elsewhere (8) . Briefly, microtiter plates were coated with 1 µg/well Bt-total or Bt-Con-A extracts, blocked with PBS containing 0.05% Tween 20 and 1% bovine serum albumin, and then incubated with serum samples diluted 1:2 (IgE) or 1:5 (IgG1 and IgG4). Biotinylated anti-human IgE (1:500; Kierkegaard & Perry Lab., Gaithersburg, MD, USA), anti-human IgG1 (1:250; Sigma) or anti-human IgG4 (1:1000; Sigma) were added, followed by streptavidin-peroxidase (1:500; Sigma). The assay was developed by adding 10 mM 2,2'-azinobis-3-ethyl-benzthiazoline sulfonic acid (Sigma) and 0.03% H 2 O 2 . Absorbance (Abs) was determined in a plate reader (Titertek Multiskan, Flow Laboratories, McLean, VA, USA) at 405 nm and antibody titers were arbitrarily expressed as ELISA index (EI) according to the formula: EI = sample Abs/ cut-off, where cut-off was established as mean Abs of 3 negative control sera plus 3 standard deviations. EI values >1.2 were considered positive for excluding borderline reactivity values close to EI = 1.0.
Competitive inhibition ELISA
To evaluate the degree of cross-reactivity between Bt and Dp extracts, competitive inhibition assays were performed as previously described (8) . Briefly, Bt-total, BtCon-A and Dp-total extracts were serially diluted 10-fold (10 2 to 10 -4 µg/mL) and preincubated overnight at 4ºC with six pooled sera (diluted 1:5) obtained from patients with high levels of specific antibodies to B. tropicalis. Con-A was also included as negative control.
The inhibitor-serum mixtures were added to microtiter plates previously coated with Bttotal or Bt-Con-A and assayed by ELISA for IgE, IgG1, and IgG4 as described above. Sera incubated with diluent only were used as posi- 
Statistical analysis
Statistical analysis consisted of determinations of means for the levels of antibodies to B. tropicalis and the differences between the means were analyzed by the KruskalWallis test using the Dunn multiple comparison test as post hoc test. Positivity rates of antibodies to B. tropicalis were compared using the Fisher exact test. Correlation between the levels of antibodies to B. tropicalis was determined in sera of patients with positive SPT (Bt+) using the Spearman correlation test. Differences were considered statistically significant when P < 0.05.
Results
SPT to B. tropicalis and D. pteronyssinus
A total of 157 subjects (121 AR patients and 36 healthy individuals) were skin prick tested. All healthy individuals (control group) showed a negative SPT to HDM extracts. SPT results for B. tropicalis and Dp in 121 AR patients are summarized in Table 1 . Seventy (58%) patients had positive SPT to B. tropicalis, 63 (52%) were positive to both mites (Bt+/Dp+), and 7 (5.8%) were positive to B. tropicalis only (Bt+/Dp-). In contrast, of 51 (42%) patients with negative SPT to B. tropicalis, 19 (16%) were reactive to Dp only (Bt-/Dp+) and 32 (26%) showed no reactivity to either mite (Bt-/Dp-).
Con-A-reactive components from total B. tropicalis extracts
When Bt-total extract was fractionated on a Con-A-Sepharose affinity column the chromatographic profile showed a Con-Aunbound fraction (Bt-void) and two peaks after eluting with 50 mM methyl α-D-mannopyranoside consisting of Con-A-bound fractions (Bt-Con-A; Figure 1A ). When analyzed by SDS-PAGE and stained with Coomassie brilliant blue ( Figure 1B ), Bt-total extract showed a broad spectrum of protein components with relative molecular masses ranging from 14 to 152 kDa (14, 22, 24, 29, 37, 50, 66, 93, 123, and 152 kDa). The Btvoid fraction showed protein components below 30 kDa (14, 22, 24 , and 29 kDa) while bands above 27 kDa (27, 29, 37, 50, 66, 93, 123, and 152 kDa) were visualized in the BtCon-A fraction.
IgE, IgG1, and IgG4 antibodies to B. tropicalis
Levels of IgE, IgG1 and IgG4 antibodies to Bt-total extract and Bt-Con-A fraction determined by ELISA in serum from patients with positive (Bt+) and negative (Bt-) SPT to B. tropicalis and from control subjects are illustrated in Figure 2 .
Levels of specific IgE antibody to Bt-total ( Figure 2A ; ELISA index) were significantly higher in Bt+ (EI = 2.32) than in Bt-(EI = 0.82) patients or control (EI = 0.78) individuals (P < 0.05). Similarly, levels of IgE antibodies to BtCon-A were significantly higher in Bt+ (EI = 1.81) than in Bt-(EI = 0.84) patients or controls (EI = 0.77) (P < 0.05). Sera from Bt+ patients had significantly higher levels of IgG1 antibodies to Bt-total (EI = 4.56) than control sera (EI = 3.14) (P < 0.05), while Bt-patients (EI = 3.75) did not present any significant difference from the Bt+ and control groups (P > 0.05; Figure  2B ). The same was observed for Bt-Con-A, with significantly higher levels of IgG1 in Bt+ patients (EI = 4.54) than in control subjects (EI = 3.01; P < 0.05), without a significant difference between the Bt-(EI = 3.74) and Bt+ patients or the control group (P > 0.05).
As demonstrated in Figure 2C , only Bt+ patients showed significantly higher levels of IgG4 antibodies to Bt-total (EI = 2.13) in comparison to Bt-Con-A (EI = 1.23; P < 0.05), with no significant difference between Bt+ and Bt-patients and control subjects for either extract.
Sera assayed on microtiter plates previously coated with Con-A (negative control for the Bt-Con-A extract) did not show any reactivity, with EI values below 1.2 (data not shown).
Positivity of IgE, IgG1, and IgG4 to B. tropicalis
The percentages of positive IgE, IgG1 and IgG4 antibodies to Bt-total and Bt-Con-A extracts determined by ELISA in patients with positive (Bt+) and negative (Bt-) SPT to B. tropicalis and control subjects are shown in Figure 3 .
For Bt-total extract ( Figure 3A) , all patient groups showed significantly higher IgG1 positivity than IgE and IgG4 positivity (P < 0.05). In Bt+ patients, positivity for IgE and IgG4 was identical, while in Bt-patients and control subjects, IgG4 positivity was significantly higher than for IgE (P < 0.05). The same was observed for the Bt-Con-A extract ( Figure 3B ), except for Bt+ patients who showed significantly higher positivity for IgE (47%) than for IgG4 (31%; P < 0.05). When comparing the antibody positivity rates in each group between the Bt-total and BtCon-A extracts, only the Bt+ group showed a significant decrease in percentage of positive IgG4 to Bt-Con-A (60 to 31%; P < 0.05).
Correlation and association between IgE, IgG1, and IgG4 antibodies with Bt-total and Bt-Con-A
To determine the reactivity of antibodies to Bt-total extract as compared to the Con-A-reactive components (Bt-Con-A), we investigated the correlation between the levels of IgE, IgG1 and IgG4 antibodies to both extracts in sera of patients with positive SPT (group Bt+) to B. tropicalis (Figure 4) . A significantly high and positive correlation was observed between IgE (r s = 0.860; P < 0.0001), IgG1 (r s = 0.883; P < 0.0001) and IgG4 (r s = 0.790; P < 0.0001) antibodies to Bt-total and Bt-Con-A extracts. When analyzing the frequency of concomitantly positive antibodies to both extracts in Bt+ patients, a significantly higher double-positive rate was found for IgG1 (89%) compared to similar rates for IgE (44%) and IgG4 (31%; P < 0.0001). In contrast, the frequency of single-positive antibodies to Bt-total was significantly lower for IgG1 (3%) compared to IgE (16%; P < 0.01) and IgG4 (30%; P < 0.0001), with significant differences also found between IgE and IgG4 (P < 0.05). In contrast, the percentage of single-positive antibodies to Bt-Con-A was negligible (<4%) for all antibody classes or subclasses.
Specificity of IgE-, IgG1-, and IgG4-ELISA for B. tropicalis
Specificity of ELISA for IgE, IgG1, and IgG4 antibodies to Bt-total and Bt-Con-A extracts was demonstrated by competitive inhibition tests using free Bt-total, Bt-Con-A, or Dp extracts, and Con-A as irrelevant antigen ( Figure 5 ). All three assays (IgE, IgG1, and IgG4) using Bt-total or Bt-Con-A extract on the solid phase were inhibited in a dose-dependent manner by increasing concentrations of soluble Bt-total and Bt-Con-A extracts, showing parallel inhibition curves even at very low inhibitor concentrations. In addition, cross-reactivity with the Dp extract was observed in all assays for both extracts, notably for IgG1 and IgG4 ( Figure  5B , C, E, F) that reached >80% inhibition at 100 µg/mL, the highest concentration used. This was similar to homologous inhibition (~90%) using Bt-total or Bt-Con-A extracts. However, for IgE antibodies, the heterologous inhibition with the Dp extract (~70%) was significantly lower compared to homologous inhibition (~90%; P < 0.01). Con- E) and IgG4 (C, F) antibodies to Blomia tropicalis extracts using competitive inhibition assays. Bt-total, Bt-Con-A, or Dp extracts, or Con-A (irrelevant antigen) were used as inhibitors, serially diluted and incubated with six pooled sera from patients with a positive skin prick test in response to B. tropicalis. The antigen-serum mixtures were assayed by ELISA using Bt-total (A, B, C) or Bt-Con-A (D, E, F) extracts on the solid phase. Percent inhibition was calculated as stated in Methods. Bt-total = B. tropicalis total extract; Bt-Con-A = concanavalin A bound fraction from B. tropicalis; Dp = Dermatophagoides pteronyssinus extract.
A that was used as irrelevant antigen did not show any inhibition.
Discussion
The majority (58%) of AR patients were sensitized to B. tropicalis, with 52% presenting positive SPT to both mites (B. tropicalis and Dp) and 6% to B. tropicalis only. These results were similar to those of our previous studies carried out in another group of AR patients from the same region (8) , confirming that the high rate of this concurrent sensitization has certainly complicated the evaluation of the role of B. tropicalis in these patients, particularly in tropical and subtropical regions where both mites coexist.
Glycosylated antigens have been shown to play a crucial role in different pathologies, particularly in fungal infections (11) (12) (13) (14) and allergic diseases (15) . In this context, we fractionated the Bt-total extract by Con-A Sepharose affinity chromatography resulting in Con-A-unbound (Bt-void) and Con-A-bound (Bt-Con-A) fractions. Interestingly, a distinct electrophoretic profile was observed for these two fractions, with Bt-void presenting predominantly low-molecular weight (<30 kDa) components and Bt-Con-A presenting predominantly high-molecular weight (>27 kDa) components. The specific reactivity of these components to IgE or IgG subclasses in atopic patients is being investigated by immunoblotting.
In the present study, we analyzed the IgE, IgG1, and IgG4 antibody responses to different B. tropicalis antigenic components present in the whole extract (Bt-total) and in the Con-A-binding fraction (Bt-Con-A) in sera from AR patients.
ELISA results showed a similar profile for IgE, IgG1 and IgG4 antibodies directed to both extracts (Bt-total and Bt-Con-A) in different groups of patients, except for Bt+ patients who showed a lower IgG4 reactivity to the Bt-Con-A extract. This fact suggests that different epitopes could be recognized by different antibody classes, with IgE and IgG1 antibodies recognizing more glycosylated epitopes than IgG4 antibodies. In addition, the significantly higher IgE levels in Bt+ patients as compared to Bt-and control subjects indicate that IgE-ELISA might be considered as an additional method for evaluating the IgE antibody response to B. tropicalis in AR patients.
In the present study, the levels of IgG1 and IgG4 antibodies to both extracts were detected in the three groups studied, indicating that these subjects were exposed to repeated antigenic stimuli by B. tropicalis allergens. However, levels of specific IgG1 were higher in Bt+ patients than in control individuals, while levels of specific IgG4 showed no significant difference between the groups. These results suggest that specific IgG1 and, to a lesser extent, IgG4 antibodies could be related to natural allergen exposure, thus reflecting a normal consequence of a protective immune response and serving to limit immediate hypersensitivity reactions in allergic patients.
The significant positive correlation and association found between IgE, IgG1 and IgG4 antibodies to Bt-total and Bt-Con-A extracts indicate that glycosylated antigens constitute major allergens and may be involved in the allergen sensitization, since 44% of Bt+ patients had IgE antibodies to both extracts, as well as in the maintenance of homeostasis demonstrated by the high proportion (89%) of Bt+ patients with IgG1 antibodies to both extracts.
When analyzing the competitive inhibition studies, ELISAs for IgE, IgG1 and IgG4 antibodies to both extracts (Bt-total and BtCon-A) were shown to be specific tests as demonstrated by high homologous inhibition. However, a cross-reactivity was found with the Dp extract, particularly at high concentrations. This cross-reactivity was partial for IgE and total for IgG1 and IgG4 antibodies to both Bt-total and Bt-Con-A extracts on solid phase, indicating that IgG subclasses rather than IgE are preferentially involved in this cross-reactivity and might be recognizing different epitopes in the allergen extracts.
Arruda et al. (4) have demonstrated a 33% cross-reactivity of B. tropicalis with Dp and a 43% sequence homology between the Blo t 5 and Der p 5 allergens, suggesting that several IgE-binding proteins of B. tropicalis could be partially inhibited by Dp. Additionally, Tsai et al. (9) showed that there was IgE cross-reactivity between B. tropicalis and Dp as demonstrated by the immunoblotting inhibition results. However, two major B. tropicalis components (14.3 and 27.3 kDa) could not be inhibited by Dp, indicating that several important B. tropicalis allergens need to be better investigated.
Most of the cross-reactivity between B. tropicalis and Dp extracts has been shown to be due to the low-molecular weight allergen components, in particular to the BtM/Blo t 5 and Der p 5 (14 kDa) or Blo t 3 and Der p 3 (25 kDa) allergens (20, 21) . In the present study, we demonstrated that there was an important IgE cross-reactivity with the Dp extract even when using the Bt-Con-A extract, suggesting that high-molecular weight allergens could also be involved in this cross-reactivity. Accordingly, in our previous studies (8) , AR patients appeared to be preferentially sensi-tized to B. tropicalis high-molecular weight allergenic components as compared to lowmolecular weight allergens. Immunoblotting inhibition studies should be performed using the Bt-total and Bt-Con-A extracts to better characterize the components that are crossreactive and non-cross-reactive with Dp.
On the basis of these results, we conclude that Con-A-binding components isolated from B. tropicalis constitute major allergens and are involved in both allergen sensitization (IgE response) and the maintenance of homeostasis (IgG1 and IgG4 responses). In addition, different epitopes may be differentially recognized by antibody classes, with IgE and IgG1 recognizing more glycosylated epitopes than IgG4 antibodies. Finally, IgG1 rather than IgG4 antibodies could be related to natural allergen exposure, reflecting a normal consequence of a protective immune response.
